Nucleophilic cyclopropane ring opening in duocarmycin SA derivatives by methanol under acid conditions: a quantum mechanical study in the gas-phase and in solution.
We present a quantum-mechanical study of the S(N)2 acid-catalyzed solvolysis with methanol of seven simplified duocarmycin SA (DNA alkylating agent) derivatives characterized by spirocyclic systems of increasing complexity, all containing the cyclopropyl/cyclohexadienone substrate. The reaction has been studied at the DFT-PBE0/6-31G(d) level in the gas phase and in methanol solution, using in the latter case the polarizable continuum model (PCM) to describe solvent effects. The results delivered by this computational protocol are in full agreement with the available experimental evidences and are not modified by extension of the basis set or by using a second-order many-body treatment (MP2) in place of DFT. This allows investigation of substituent effects in terms of structure/reactivity relationships and evaluation of the role of stereoelectronic effects. Furthermore, reactivity indices (hardness, electrophilicity) have been computed and shown to correlate well with activation energies. Together with their intrinsic interest, the details of the mechanism of the acid-catalyzed nucleophilic addition to the activated cyclopropane issuing from the present study pave the route for a deeper understanding of the molecular basis for the remarkable profile of the DNA-alkylation by DSA derivatives.